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Abstract of JP 2002317274 (A) 

PROBLEM TO BE SOLVED: To provide a calalytic composition suitable for depositing electroless 
metallic seed layers, and enhancing discontinuous seed layers, a method for depositing electroless 
seed layers, and a method for enhancing discontinuous seed layers. SOLUTION: The composition is 
suitable for depositing an electroless plating catalyst on a substrate having <=1 &mu m apertures 
comprising one or more metal salts, one or more copper complexing agents, one or more organic 
binders, one or more reducing agents and a base. 
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ft«±<o««£j*SU 1 £fcli-tft£Lh<DW*i'W 
l £fcli^ft^±wil7c$:fcj;i>*itg£^tj\ l /i 

[IS*«2 ] l *fctt*ft«±roftJitta s *l!fi*fcW: 

&afc£ft*ai#«i io 

[»*«4l ^TWEfeAS. (C. -C 12 ) T>v*)VU 
i\>if^stk. (C 2 -C12 ) T/l'+A'v 5 *^^, 

(Ci -C,2 ) mj g& (C, 

-C> 2 ) T IV* )Vt£v^ g& (C 2 -C.2 ) 
T )V* )Vif^s&, g& (Ci -Ci 2 ) 7iv*)\> 
h V tuistf^&t, (C 2 -C, 2 ) 77Hr=A-# 
St. (C 2 -C, 2 ) T/U^^/u^^/U/KvS^, (C 2 
-C, 2 ) T/^HDA^yi, g& (C* -C 
12 ) 7>\s*r=-/vj}jvi$i'WZ. g& (C 2 -C12 ) 7 
)V>r=-)Visl3)Vi£^^ g& (C 2 -C.2 ) 7/^=- 20 

=^», EDTA, ^<>-fefy h y j(7;U/K>§fc£ 

tz it-* y ^/H»a» e>aiR £ ft 5 »#* 4 etto *ai*«>. 

-fe/Kn — t Kn^^-tr/Hn— * N t Kndf ->7VU3r 30 

^n-* v #y -y-i/*7^ K^y-e— „ -fe/ua— ^jjfy 
#y (^Tk-^U'T yg/^ f /nrr./i'x-f /w) , /-tfy 

y^y^gL #y (t'=/i/7/wa-yv) 

40 

{CrYy (C, -C, ) 7 )^)V7V^=.^ Kt^hmSK 

ft«±ofti»4<«»i, i itz{t^tiu±.(omm^>y 

[ffi*J*9] 1 *fctt-tft#±0)&|Mtta^ 50 
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fi^°7^!?^JS7!i»P,at^$ft-5tt*Jl8|Bit(0*& <) 

Ht io] i t. tzte*ti&L±.<Dm$i£.j& : ffltfftm 

[§t*3Siil irtMi^. (c, -c.2 ) t/p^ 

HlVif^yfk. (C, -C, 2 ) 7>V*lV*/l3)Vi$.Vlfc. 

(C, -Ci2 ) h y g& (d 

-C 12 ) TA'^vl'tfyl'tfygL g& (C 2 -C, 2 ) 
7 iv^fr^luviSvm., g& (Ci -Cii ) 7>v*fr 

h])^>^>B:, (c 2 -C12 ) 

& (c 2 -c,2 ) 7frfr-/i'i?j}si'#>m. (c 2 

-C. 2 ) TAsT-frY y */UJJfV», g& (C 2 -C 
12 ) T/l^Jr^/U^-'UJfEVg?, g& (C 2 -C,2 ) 7 
/l/yn/Ui?*/pjR>it, g& (c 2 -C.2 ) T;U^ = 

h y 7 ? y^/v^yt, ziJ-^/wf 

« i o weico^fe, 

^iyi4fcii!;y^ edta, ^i'-tf 

^ h y *^^>g?*fc«-y- y ?vn*a»e>sfc£ft5»# 

«1 iEio*|, 

13] l *fcli-enW±co : t^W 

±/Uu—^.^ t Kn^f-yt/un-x, t Kn^fv'T 
/U^r/Hr/l^n— ^ s 0iJx.(4't Kn df- ^/Hr/Wn — 

/u) , # y * * * y A*, ^y (t^yur^^-^) * 

fcllt7^yy*;i'A7/W7 f t K^feji^SWSftS 
If 8 IESW^jfe 0 

y *^{k*y^A. *.fflt7>*-$j»£tzi-t7k 

mit^hy (C. -C 4 ) 7tv^^7>^=-^^hM 
^^ft^if 8te*(7)*fe 0 

II**Jll5] BBPlfU^O. 5 nmUTX-h^m^ 
8|5«cW*jfe„ 

m*>Si6] ^Fli^l-y- KSSr^tfSfrSr, l 
l *fc,i-tftJ«±<7>W&'W Urcii-tix 

«A±OiS7c*J*J £ tWfiS«r£trlBric t @SM $ -B: 5© 
IW*«l 7] Sfr^l wm«T»iPi^^i* 

m 1 6 ie^w^&o 
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[|f*Jl2l] ItKU!, (C, -C, 2 ) TA^/U 

(C 2 -C.2 ) T>\'*>Wl3>\,i£v&^ 

(c. -Ci 2 ) r/u^/u h y ^a^'z^ g& (c. io 

-C,2 ) T/U-dr/U^/U/JtV^ g& (Ci -C, 2 ) 
T/l^Av^A/K;^ g& (Ci -C, 2 ) TV^A 

hya/M^it (Ci -c,2 ) r/W'jr^yu^/i'jKy 

(C« -C.2 ) T/U^r=/U^*7W#V», (C 2 

-Ci 2 ) 7^=;uMi*/U/}?y^ g& (c> -c 

12 ) T/^=./u*^jK^gf, g& (C 2 -C12 ) T 
H^^-^/v^yi, g& (c 2 -C,2 ) T>^t=. 

/uh y r^y^/^y^ 7 y 

S2 0ffif©*ft, 20 

/i^/Ufc. 7-^yS, fLSk 

^^^Sfcliy >-=*"if, EDTA, 7*/t^ 

[»**2 3 ] l Sfctt-tftBLhotfHI/W 

#\ -fe/Un — fc Kn^fv't/l'D-^, t Kndp^T 
/l^/HrAn — fiRJxIft KP+Wf^t^n- 
7, fc Kta drv/aLfvU-fc/Un — Tvjoitffc Kn#->7°ci 30 
fcVHrA-o — 7, Jtfyt7*7^ -te/ua — 

7/tfy-v-, ^{b-fe^n-^^y -r— x mit^^-\^> 
t^fkT'Dfuyro^y-x'-fcitjfzTTKyT— » £5tc 

/u) . *y>*?y/i^ #y {\?->vt)v^-,v) $ 

[»**2 4l *®Ht:y f-^A. h 

y 7k$ffc#y *iMbr^*-^A*fctt* 40- 

SHfcxhy (Ci -C. ) T/U^/WT^^^A^P)® 
[IS*JI2 5] 1 *fcl2^ft«±0&Jgi&, l*fcli 

zti&L±<Dmm£.im. i*fcii^na±»^r^v^ 

JI2 5fE«cO*& 0 50 
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[tt$%2 8] 1 *fcli-t4i«±w&H*iWS. 
ft. 

[is*jS2 9] 1 *fci±-e*i,£t±«)ii4ricjM#w«i» 
a»e>aMR<*ft*»#JS2 5 

[|f*«3 0] l*fctt-t*lgil±WW«»A5. (C, 
-C12 ) T )Vifs)y^ (Cs -Cu ) TA- 
JfywyA/i'/KyS, (C. -C.2 ) TA+Ahy^A 
g& (C. -C12 ) T)V*>\,l3>\>i$.v^ g 
& (C 2 -C, 2 ) Tfr*sUi?jjjU#>m, gift (C. 

-c,2 ) 7/u^vh^/Hyi, (C2 -C,2 ) 
7;^-;u*;i/#y| > (C 2 -C 12 ) TH^^v 5 
rtAtfVg^ (C 2 -C,2 ) 7;^=^hy*/^y 

8$. g& (c 2 -Cu ) ta-^a^a*':/^ g& 

(C2 -C.2 ) TAT-^Av^AtfVgK g& (Ci 
-C12 ) 7/uy-;^y*;i'*'yi, T$>-#Atf'>' 

i> 7y — /u*/usK>»*fcr±fiiftT y -^^/^>m 

ItBt. 7"nt'ty|f 1 ->^<7®L ?ny|, IMfc. ^ 

^Aflt 7-yfyK, ^a-A-i, 9LII. il^SL 
y y^i, edta, yffrtk, ^>-fcfvb 

y v&sfcii-y- y ^-/paia* e>a«*ii 5 2 

[ft*«3 2 ] 1 itz\t*iX&.±.<D#m'<-< 

fc Kndfv^^/Hr/un— ^Joit^fc Kn^->7°n 
tVHr/ua— /K y -y- y * 7 -Y KtKU-v— , -fe/un — 
^*'y-?-, ^ftiryun-^^y-r-, ^fb^^^V 
tBIftynf U>-<7)^y-r-4oJ;0f3#y-r- % ££lc 

«f*tt»5>*s «t 5 # y -7 y 

^y (i*vi/^yi/>f^t'=;n-f 
A) . ^y y fcl4t7i' l/y^^Tyuf 

3 3 ] t&mt>\ &mit v^vj*. fcmt-r v 

KfL-r N 7 (C, -C4 ) T^^r^T^^^^^bm 
[»#£3 4l 1 *fc»i-til£i±©&iitt[, l*fc(4 

l*ittt-tix«±<oa7C^J*>«tU ! ltSSr^tfi»fiK 

3 5 ] mmm* ? ^mm^ttm^^u * 
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[oooi]«Btt-lli:, *0>f*0»*?-r-t?~> 
[0 0 0 2] i 9 /h $ ttafr&MFH*'^ * , fcirxJf 

i l> 5 Hl&tfhS. T/v % - * lift/* 5&JSJi£ii^ 
$-tt§fc*I^MT (via) ^icffiSgfttSrB^i-i 

'FitttttllwraHi^i:. CW^iliJ|/£.5&JBJI 
[0 0 0 3] 'W7*|£|6l±Lfcffi:£Sa*g|&&lieW- 

[0 0 0 4] ffi^tasgi^^^y-rif-->3 y<ntz$><r> 

hn^^i/-*>s ^«H±^a»-e. 

yu-yay%ffi±-fz>tzif){cn^ Mikity, mt* 

[0 0 0 5] SMf^itafenct'^B^Jgffl-rSfc* 
roftSiWfcttflfli* ««ttJUJi«l*ttffli-Si:#lcw* 

<D^m. tzt^mmm^m ( rpvDj ) tdtvit^ 

( rcvDj ) t£¥iz£<oMm-tz^k&xz 

5„ ASWlcHt, ^-KJBlifflW>&IUli:Jt«LTSI 
<, fctxtf 5 O^b 1 5 0 0^-^^^. Fn-A©f $ 
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X'hz 0 

[0006] &m-y- kb, h'm±.<omitm 

[0 0 0 7] *H#flF^ 5 8 2 4 5 9 9^ (Schac 
h a m — D i a m a n d b) it, KQlTX' 9 a;/^— ±<£> 
7fi©SIiI4:3V7t- K 

[0 0 0 8] PCTltfFtiilR^WO 9 9/4 7 7 3 1 ^ 
(Chen) ft, *fiH*->- KB»*U ttHTiH 

[0009] iijfciiftflfftiaotii, ^* 

PVDfefi^SSr-^W h77 yfa y(Dyy y 

KS*Bfe*-f5. a»a»*&*nttjlt 

50 1fihZ> 0 
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[ooio] zixb<r>mmz}5\ l ^xm\ l ^tiz>&ffi.mn 

[0 0 1 1] Lfc^oT, t^M^> 

Mi-, WxJf 0. 5^Dy^T»/h^ hU 

3l&StWfc*KLfc5'- KBoigSHfeJs&Sfc Six 5. 
[0012] r. £ ic, fciBBiiroiafiMfcttS'- K 

V\, 20 

[o o 1 3] -^aiicfcv^T, ^ma, i*fctt-tn 

[0014] iez:ro||«ic*j^-c» *56Wf±. 

[0015] S6=ro|B«|c*5V*T\ *«MI4, l*fc!4 

5 0 40 
[0 0 16] SgEWtltKlCjo^-C, JMBWfi, lSfctt 

ztiu±<D&miM.. i *fci4*n«±©i»4i«)H, i 

Pil ; tt«ESrSttfb**5a» ; &4tf&ig£*S«a?;< y 
[0 0 1 7] »3E«)l6e6lc*JV^T» #«?Hli, lSfcli 

itnt^nu±<o^m^<-(>y~, i*fcnthfit±© so 
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[0 0 18] %ss<Dmm^^X. JWBUHtt, 

±<D&m&, l *fctt-t*USLh©*MB4ri«i. i*fc»4 
mu±.<nmm'U l *fc»4*nw±wii7c^j 

[0 0 19] #lplfB*£*5l^Tffll^ail£\ #8BLfcV* 
PB9 , WTO»&-^»4«T(OE*T'fc^ biS :t:=ffift 
g ; m= 5 ^ny=7^ ? — h/U ; g/L= 1 U 
y h/Hbfe9 0^?AS ; M=^/W ; HPC = t Kndf- 
i/Zfn fyW-fe/UD— ^ ; HMC = t Kp 3rv^ ^/Hr/L' 
a—* ; TMAH = 7KS£ffc'T h^^W^i'A ; 
PVOH = -f!J (t'=/U7/l'3-/l') ; KOH = *8Ht; 
* y ?i>, ; HPA=MU Vg? ; SF = ¥it h V V 

ioo2o] &mmmzto\,^xm^m&. ry*—?- 

t- (feature) j ili, &ft±<Di>*M h V 

#J;tl4 h i^^*»*«tV/MrSr«i*-t-Sa s , Ctvic 
R3££;h,fcv\, rwqgtfj tf4, <\Zhtty 4-1-^ 

-^-V-J /£5fflSt4, *W Xfl* 1 5 ^ b >&.T 1 

-J ttt. t-fX^l/2 5^DyWT (^0. 5/! 
m) <Di><D£MMi-Z><, mmz, r/J>^Pgl5j tf4, u- 

IFBJ i(4, f-WXiSi/2 5^n^TWMP9JSr*?lc 

mmi fciu 5 r^s/drj (4*WiNe*fc*5^T^^rt6 

(Cffl^P,n5c T/ndj fi, ^n^e, io4t>* 

[0021] -r-<x<7)s^mioXifitit^BL^"m v ) 
mmmmx-hz, -r^x<D®m\*ffi$&*^. ®.*$t> 

[0 0 2 2] *^BJ[4, 1 3Ltz\±Ztl!Zl±.<D&m'( * 

i*fcfi-t^«±<o«»^ffl, i *y5n4^4xjeA± 

ro^H^Wvy-, l Sfc(4^niii±03l5c^J*54t>'^ 
S4-^tf> 1 Ann^T^»5BPSPSr^Ti"5Sft:±l-^IS 

y*m.mt Lxm\<^<mzMLtzttm<D&mm. 
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y — /u^/ujh vgfifi, &Jg7/M- 

[0 0 2 3] 1 *fcr±-t*i£il±©&»!fir±, ASWfctt 
*369i«>ttJ*tol;:*5v*T» ^)0. l g/L*»fetti 5 g 

/L, L<fi, JfoO. 5g/L~10g/L, £9 
#£L< lil g/L~8 g/L<0l:ICj3V^T?¥ft1-S 0 

^«^fi. -mcmmm{cx^^vh<o . z tectum 

[0 0 2 4] £ttfflfc*i J;#*$gteH«6^jW£#»9i 
li, * u- MbJW#8j i o o o P p m^fcii^tUiLLT- 
0>JtL-Tli: (Ci -C, 2 ) T iV^rivjjjVit^s^ 

(Ci -C12 ) T^^^^^^vi, (C. -C 

. 2 ) T^jwhi)^^>m. g& (c, -c 12 ) 

7VU=*-/U# g& (Ci -C, 2 ) 7A-*/Uv? 

g& (C. -C.2 ) 7 VU* A> Y ]) % zlstf 
(C 2 -C.2 ) T/^^/U^/U/^VK, (C 2 
-C.2 ) T/l^-{r-/Wv ? */U/K>'g5, (C 2 -C.2 ) 
T/U^r=-^bV^^ym. g& (C 2 -C,2 ) T)V 
<r~/uj},u#>$t s g& (c 2 -C,2 ) T/U-^^/Uv? 
l3)Vif^y^ g& (c 2 -C12 ) T/u^-/uhy*/U 
7^*^*'^ 7!)-;^;>*>S, g& 

=am ifcii rg&7y-/ki ia, 7/u^/ujfcii7^ 

^r=/HK±*fctt7 y ~/^<0 1 *fcfi^na±W*^ 

^S'iWg&E. d. tKn^vvK (Ci -C 

6 ) 7^3 + -^ >7A (C< -C« ) 

*\ 7i=;K 7i7 ^ft^T'g&^iXT^S 

( Tedtaj ) , fcWT^^y^/^'yWi 

if bhh. mzumtewtukh. txii : mm, -? 

TW>>m. ^/^-/H (g 1 u c o 1 i c a 
c i d) , UK, j§5®L !)y^, EDT 
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a, *<>i?>>b}) jj/utfistic, -y-y^/ugtfs 

[0025] *wnn&$L®<¥<»^mm<Dm>\*. 

fcttl&O. 1 g/L~^2 5 g/L(0|6|lT**)l?. #4 
L<li0. 5 g/L~2 0 g/L s «fc 9»* t< Ii2 g 
/L~l 5 g/LO®Iffc5. WIS&tOAftft/ii: 

10 3. 

[0 0 2 6] S*?*4W«^>y-iS**M«)iBlri6 

5o 'W^— 1±, /h^-e*)^^4fcia^y-r--efc 

fci:x.(i\ t Kndr-» ^/Hr/Pn — t Kn^f 

y (IStK-^ ^ vsi/^ f/nr=^x- tvu) , ^y^ 

^^y/^, 5Ky (f=/i^7/i'3-;u) Jo J; tK-t- 7 * u 

^JSiO^t Ka=¥i/7n tVHr/Un— ^T-fc5o 

[0 0 2 7] fl»jJ»5/<-f fit, JCttHlcisJ:*!:, 
30 AS^tCrii^jl g/L~i^J3 0 g/L©|6ia.cjoV>Tffl 

g/L~25g/L, i D« 1 *L< til 0 g/L~2 0 

g/Lwft(cisi/^Tfflv^n'5o rtifjw^^^y— 

[0 0 2 8] l£®ffl,c*s «t*a7cfflSr**W©iaj**.C 

ffiy ftffiy >^ h y 7a> ftffiy vn* y -7 

40 /P7?y«K7>, hy^f^^*'^^ ^f-zw^e/u 

*y/*'7^ W*!)^7y, v 5 ^ y7°n f/U7 ?; 

by f7 a. ffiy y -7^, ^^-x, ^ 

ytyy, n, N-v^if i/y/y->yfi-y7i«> ¥ 
iH-hy**, ^*y7^, ^mitf-fy. t 

ilTC^Ji: L-ttt, ftffiy ftffiy h y [7AJb- 

50 iv^St h y !7x.^^if fcixio 
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[0029] g7c&iii, &m&)\az*%m(nmf$.v>> t P > 

*&5 g/L~|t|60g/L, #*L<l4l0g/L~5 

[0030] fEM<Dm%teG®*tz\-immi&&&*&w 

Tii : T/vti y &4tf T/t-* y ±Wdm.\Wi. fi^ff* 

^fty^^A, *®Ht-f hy?i^ 7k@?<t*y <?j* 

(4, TKSHfcf (C. -C 4 ) 7/1/^7^-1) 
4v\, fl»tf»5i£gl4, fijfcfclcifcvvt, Mo P H^ 

»7*fcfi*ft£ILh, $?*L<lilK)7. 5~ftl3. 
5, 4"9#£L<I48~1 3, £f>^49#;£ L<I4 
8. 5~12. ^ICiDfrSlXtel 0~1 2IC&3 

[0 0 3 1] *3BW<B»J#&H\ 1 */cfi^-ix±(0^ja 

#»{c^>o < "9 gyrfSc ft®ffjl;ii4, #3gfE<£>ii&$#jf4 

S}i-SCttT-#5„ A^SWffi^i: LTI4, *yt 
<,>„ 7Wy-^- /Ut LTIi, (C. -C*4 ) T/P 

^y /neu>/p 3-/w/«cif^»f e>ft3„ 

i/y =i— iv^—y- >v<nmt LTI4, ifuyyyn-;!/ 

if L' y ^ !i 3 y T'fyn-f /i', Hy^i^i/y 
^!J3-;«yyf;ux-fyK h y if i/y^y n — 
^/yfyn-f/K i/if i/y/y a— /Uv^fvu 

y 3-/«/yf/n-f;K v^/o t°u>i/y =i— /u 
yuan—- r/K h y 7°a t°u>-^y 3— A^E-y y fvn— 
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7VK h D/n f l/y^y 3-;^/yf /n-f ^, 

/pfyy/y 3-yu-y^f ; n-x/K -fat'u^y 
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^, x^y-yyyyf-fy^ 7 — =>— r-O' 
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fl-IL y is * ->y /is\B}& , v/i/ff y^-y^-yK 3 

, y- AS:S^i-5is-tHc|8^$Jx 
20 <H3Mtfc:/h£fc0Hqa$ (^0. 5^m) . £b\c£<o 

i^wMtijoT^ 1 &tz\t : thu±.<D&m&. 1 

[0 0 3 3] Sfr±liita$ix5z:«>J: y 

%. »SL<I4>98%, 4 9»*L<(4>9 9%£S 
[0 0 3 4] ^ofcA/^HW<0M^SrS*±fcltiffli- 
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1 Title of Invention 

PLATING CATALYSTS 

2 Claims 

1. A composition suitable for depositing an elcctrolcss plating catalyst on a substrate 
having < I uju apertures comprising one or more metal salts, one or more copper completing 
agents, one or more organic binders, one or more reducing agents and base. 

2. The composition of claim 1 wherein the one or more metal salts arc selected from 
copper or palladium salts. 

3. The composition of claim 1 wherein the one or more completing agents arc selected 
from organic acids. 

4. Tho composition of claim 3 wherein the organic acids are selected from (Ct- 
C J2 )alkylcarboxylic acids, (C 2 -Ci 2 )alkyldicarboxylic acids, (C,-C, 2 )alkyltricarboxy1ic acids, 
substituted (C r Cj2)alkyIcarboxylic acids, substituted (C 2 -C J2 )alkyldicarboxylic acids, substituted 
(Ci-Cij)alkyUricarboxy!ic acids, (C2-C l2 )alkcnylcarboxylic acids, (C2-C u )alkenyld3carboxyb'c 
acids, (C2-Ci2)alkenyltricarboxyiic acids, substituted (C 2 ^| 2 )alkeny]carboxylic acids, substituted 
(C 2 -C l2 )aJlcenyldioarboxylic acids, substituted (Cj-Ci^aJlcenyltricarboxylic acids, amine 
carboxylic acids, arylacrboxylic acids or substituted arylcarboxylic acids. 

5. The composition of claim 4 wherein the organic acids are selected from formic acid, 
acetic acid, propionic acid, oxalic acid, maionic acid, succinic acid, glutaric acid, adipic acid, 
glucolic acid, laede acid, tartaric acid, citric acid or malic acid, EDTA, phthalic acid, benzene 
tricarboxylic acid or salicilic acid. 

6. The composition of claim I wherein the one or more organic binders are selected from 
cellulose, hydroxycellulose, hydroxyalky Iccllulosc such as hydroxymethylceltulose, 
hydroxyethylcellulose and hydroxypropylceliulose, polysaccharide polymers, cellulose 
polymers, derivatized cellulose polymers, polymers and copolymers of ethylene oxide and 
propylene oxide, polyurethane polymers having alternating hydrophobic and hydrophilic 
moieties, polyfmaleic anhydride/methyl vinyl ether), polymeth acrylic acid, polyvinyl alcohol) 
or naphthalene formaldehyde condensates. 

7. The composition of claim 1 wherein the base is selected from lithium hydroxide, 
sodium hydroxide, potassium hydroxide, ammonium hydroxide or tetra(C)-Q)alkyl ammonium 
hydroxide. 
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8. A method for depositing an electro! ess plating catalyst on a substrate having < 1 urn 
apertures comprising the step of contacting the substrate with a composition comprising one or 
more metal salts, one or more copper complcxing agents, one or more organic binders, one or 
more reducing agents and base. 

9. The method of claim 8 wherein the one or more metal salts are selected from copper 
or palladium salts. 

10. The method of claim 8 wherein the one or more copper completing agents selected 
from organic acids. 

1 1 . The method of claim 10 wherein the organic acids are selected from (Ci- 
Cj2)alkyIcaiboxyIic acids, (C 2 -Ci2)alkyldicarboxylic acids, (Ci^ 12 )alkyltricarboxyllc acids, 
$ubsn*tutcd(Ci-Ci2)alkylcarboxylic acids, snr>stjmtcd(C2<:, 2 )alkyldicarboxylic acids, substituted 
(Ci-C l2 )alkyltricarboxylic acids, (C 2 ~Ci 2 )alkeny1carb0XYlic acids, (C 2 -C 12 )alkenyldicarboxylic 
acids, (CrCi^alkenyllricarboxylic acids, substituted (C 2 -C l2 )alkcnylcarboxylic acids, subsdtated 
(C 2 -C, 2 )alkcnyldicarboxylic acids, substituted (C2-C, 2 )alkenyltricarboxylic acids, amine 
carboxylic acids, arylacrboxylic acids or substituted arylcarboxylic acids. 

12. The method of claim 1 1 wherein the one or more organic acids are selected from 
formic acid, acetic acid, propionic acid, oxalic acid, malouic acid, succinic acid, glutaric acid, 
adipic acid, ghicolic acid, lactic acid, tartaric acid, citric acid or malic acid. EDTA, phthalic acid, 
benzene tricarboxylic acid or salicilic acid. 

13. The method of claim 8 wherein the one or more organic binders are selected from 
cellulose, hydroxycellulose, hydroxyalkylcellulose such as hydroxymelhylcellulose, 
hydroxyethylcellulose and hydroxypropylcelrulosc, polysaccharide polymers, cellulose 
polymers, derive tized cellulose polymers, polymers and copolymers of ethylene oxide and 
propylene oxide, polyurethane polymers having alternating hydrophobic and hydrophilic 
moieties, poly(maleic anhydride/methyl vinyl ether), polymethacrylic acid, poly(vinyl alcohol) 
or naphthalene formaldehyde condensates. 

14. The method of claim 8 wherein the base is selected from lithium hydroxide, sodium 
hydroxide, potassium hydroxide, ammonium hydroxide or tetra(C i -C^)alkylammonium 
hydroxide. 
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15. The method of claim 8 wherein the apertures arc < 0.5 pm. 

16. A method for enhancing a discontinuous seed layer comprising the steps of: 
contacting a substrate comprising a discontinuous metal seed layer with a composition 
comprising one or more metal salts, one or more copper complexing agents, one or more organic 
binders, one or more reducing agents and base; activating the catalyst; and contacting the catalyst 
with an electroless plating solution. 

17. The method of claim 1 6 wherein the substrate comprises apertures < 1 \un. 

18. Tho method of claim 16 wherein the activating step comprises heating, exposure to 
carbon dioxide or eximer lasers or exposure to ultraviolet radiation. 

19. The method of claim 16 wherein the ono or more metal salts are selected from copper 
or palladium salts. 

20. The method of claim 16 wherein the one or more copper complexing agents are 
selected from organic acids. 

2 1 . The method of claim 20 wherein tho organic acids are selected from (Cp 
C| 2 )alkylcarboxyiio acids, (C a -C ia )alkyldicarboxyhc acids, (Ci-Cia)alkyltricarboxylic acids, 
substituted (Ci-Cia)alkylcarboxylic acids, substituted (C2-Ci2)alkyldicarboxyIic acids, substituted 
(CrC 12 )alJcyitricarboxylic acids, (C2-Ct2)alkenylcarboxylic acids, (C2-Ci2)alkenyldicarboxylic 
acids, (C2-Cu)alkenyltricarboxylic acids, substituted (C 2 -Ci2)alkcnylcarboxYlic acids, substituted 
(C2-C| 2 )alkenyldicarboxylic acids, substituted (C2-Ci2)alkenyllricarboxylic acids, amine 
carboxyiic acids, arylacrboxylic acids or substituted aryicarboxylic acids. 

22. The method of claim 21 wherein the one or more organic acids are selected from 
formic acid, acetic acid, propionic acid, oxalic acid, malonlc acid, succinic acid, glutaric acid, 
adipic acid, glucolic acid, lactic acid, tartaric acid, citric acid or malic acid, EDTA, phlhalic acid, 
benzene tricarboxylic acid or salicilic acid. 

23. The method of claim 1 6 wherein the one or more organic binders are selected from 

■ 

cellulose, hydroxycellulosc, hydroxy alky lccllulosc such as hydroxyrnethylcelhilosc, 
hydroxyethylcellulose and hydTOxypropylcelhilOSc, polysaccharide polymers, cellulose 
polymers, derivatized cellulose polymers, polymers and copolymers of ethylene oxide and 
propylene oxide, polyurcthane polymers having alternating hydrophobic and hydrophilic 
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moieties, poly(malelc anhydride/methyl vinyl ether), polymethacrylic acid, polyvinyl alcohol) 
or naphthalene formaldehyde condensates. 

24. The method of claim 1 6 wherein the base is selected fiom lithhim hydroxide, sodium 
hydroxide, potassium hydroxide, ammonium hydroxide or tetra(Ci-Q)a]ky)aramcmium 
hydroxide. 

25. A method for depositing a metal seed layer on a substrate comprising the steps of: 
contacting a substrate with a composition comprising one or more metal salts, one or more 
copper complexing agents, one or more organic binders, one or more reducing agents and base; 
activating the catalyst; and contacting the catalyst with an eiectroless plating solution. 

26. The method of claim 25 wherein the substrate comprises apertures < 1 jim. 

27. The method of claim 25 wherein the activating step comprises heating, exposure to 
carbon dioxide or eximer lasers or exposure to ultraviolet radiation. 

28. The method of claim 25 wherein the one or more metal salts are selected from copper 
or palladium salts. 

29. The method of claim 25 wherein the one or more copper complexing agents are 
selected from organic acids. 

30. The method of claim 29 wherein the one or more organic acids are selected from (Ci- 
Cjjalkylcarboxylio acids, (C 2 -C l2 )alkyldicarboxylic acids, (Cj-C ]2 )alkyitricarboxylic acids, 
substituted (C r C i2 )a1kylcarboxy1ic acids, substituted (C 2 -C a )alkyldicart>oxyHc acids, substituted 
(Ci*C| 2 )alkyltricarboxyHc acids, (C^-CtOalkenylcarboxylic acids, (C 2 -C| 2 )alkenyldicarboxylic 
acids, (C 2 -Cu)alkenyltricarboxylic acids, substituted (C 2 -C 12 )alkenyIcarboxyiic acids, substituted 
(CrCi2)alkenyidicarboxytic acids, substituted (C 2 ^ 12 )alkcnyltric^DoxyIic acids, amine 
carboxylic acids, arylacrboxylic acids or substituted arylcarboxylic acids 

31. The method of claim 25 wherein the one or more organic acids are selected from 
formic add, acetic acid, propionic acid, oxalic acid, malonic acid, succinic acid, gtutaric acid, 
adipic acid, glucolic acid, lactic acid, tartaric acid, citric add, malic acid, EDTA, phthalic acid, 
benzene tricarboxylic acid or salicilic acid. 
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32. The method of claim 25 wherein the one or more organic binders are selected from 
cellulose, hydroxyceUulosc, hydroxyalkylcellulose such as hydroxymeihylcellulose, 
hydroxyethylcellulosc and hydroxypropylccllulose, polysaccharide polymers, cellulose 
polymers, derivatized cellulose polymers, polymers and copolymers of ethylene oxide and 
propylene oxide, polyurefhane polymers having alternating hydrophobic and hydrophtlic 
moieties, poly(maleic anhydride/methyl vinyl ether), polymethacrylic acid or naphthalene 
formaldehyde condensates. 

33. The method of claim 25 wherein the base is selected from lithium hydroxide, sodium 
hydroxide, potassium hydroxide, ammonium hydroxide or tatra^Ci-CyalkyJanunoiiium 
hydroxide. 

34. A method for manufacturing an integrated circuit comprising the steps of: contacting 
a substrate with a composition comprising one or more metal salts, one or more copper 
complexi ng agents, one or more organic binders, one or more reducing agents and base; 
activating the catalyst; and contacting the catalyst with an electroless plating solution. 

35. An electronic device comprising an electroless plating catalyst wherein the catalyst is 
deposited from a composition including one or more metal salts, one or more copper complcxing 
agents, one or more organic binders, one or more reducing agents and base. 
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3 Detailed Description of Invention 

Background of the Invention 

The present invention relates generally to the field of seed layers for subsequent 
metallization. In particular, this invention relates to methods for depositing and repairing seed 
layers prior to metallization. 

The trend toward smaller microelectronic devices, such as those with sub-micron 
geometries, has resulted in devices with multiple metallization layers to handle the higher 
densities. One common metal used for forming metal lines, also referred lo as wiring, on a 
semiconductor wafer is aluminum. Aluminum has the advantage of being relatively inexpensive, 
having low resistivity, and being relatively easy to etch, Aluminum has also been used to form 
interconnections in vias to connect the different metal layers. However, as the size of via/contact 
holes shrinks to the sub-micron region, a step coverage problem appears which in turn can cause 
reliability problems when using aluminum to form tho interconnections between the different 
metal layers. Such poor step coverage results m high current density and enhances 
electromigration. 

One approach to providing improved interconnection paths in the vias is to form 
completely filled plugs by using metals such as tungsten while using aluminum for the metal 
layers. However, tungsten processes are expensive and complicated, tungsten has high 
resistivity, and tungsten plugs arc susceptible to voids and form poor interfaces with the wiring 
layers. 

Copper has been proposed as a replacement material for interconnect metallizations. 
Copper has the advantages of improved electrical properties as compared to tungsten and better 
electromigration property and lower resistivity than aluminum. The drawbacks to copper are that 
it is mom difficult to etch as compared to aluminum and tungsten and it has a tendency to 
migrate Into the dielectric layer, such as silicon dioxido. To prevent such migration, a barrier 
layer, such as titanium nitride, tantalum nitride and the like, must be used prior to the depositing 
of a copper layer. 

Typical techniques for applying a metal layer, such as electrochemical deposition, are 
only suitable for applying copper to an electrically conductive layer. Thus, an underlying 
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conduotive seed layer, typically a metal Seed layer such as copper, is generally applied to the 
substrate prior to electrochcmlcally depositing copper. Such seed layers may be applied by a 
variety of methods, such as physical vapor deposition ("PVD") and chemical vapor deposition 
("CVD"). Typically, seed layers are thin in comparison to other metal layers, such as from 50 to 
1500 angstroms thick. 

Oxido on a metal seed layer, particularly a copper seed layer, Interferes with subsequent 
copper deposition. Such oxide forms from exposure or the metal seed layer to sources of 
oxygen, such as sir. Typically, the longer such seed layer is exposed to oxygon, the greater the 
amount of oxide formation. Where a copper seed layer is tbin. the copper oxide may exist as 
copper oxide throughout the layer. In other areas of electroplating, such as in electronics 
finishing, copper oxide layers arc typically removed by aoidio etching bams. These baths 
dissolve the oxide layer, leaving a copper metal surface. Such etching processes are not 
generally applicable to copper seed layers because of the thinness of the seed layer. As the oxido 
is removed from the seed layer surface there is the danger that the entire seed layer may be 
removed in places, creating discontinuities in the seed layer. 

US Patent No. 5,824,599 (Shacbam-Diaraand ct al.) discloses a method of preventing 
oxide formation on the surface of a copper seed layer by oonfonnally blanket depositing Under 
vacuum a catalytic copper layer over a barrier layer on a wafer and then, without breaking the 
vacuum, depositing a protective aluminum layer over the catalytic copper layer. Such blanket 
deposition of a copper layer under vacuum is typical of such procedures used commercially. 

PCT patent application number WO 99/4773 1 (Chen) discloses a method of providing a 
seed layer by first vapor depositing an ultra-thin seed layer followed by electrochemleally 
enhancing the ultra-thin seed layer to form a final seed layer using an alkaline copper bath. 
According to this patent application, such a two step process provides a seed layer having 
reduced discontinuities, i.e. areas in the seed layer where coverage of the seed layer is 
incomplete or lacking. However, such electrolytic copper deposits are not as confbrmal as 
electroless deposits. Thus such electrolytic deposits may not provide substantial fill of 
discontinuities without substantial upward plating. 

Physical or chemical vapor deposition methods do not provide metal layers having as low 
impurity deposits as that provided by non-vapor deposition processes such as electrolytic and 
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electroless deposition. Further, PVD methods tend to deposit metal in a line of sight fashion. 
Electroless deposition, unlike PVD or CVD, tends to be con formal, thus providing better 
aperture sidewall coverage leading to a more continuous seed layer and, consequently, reduced 
void formation following subsequent electroplating. However, conventional colloidal palladium 
catalysis for electroless plating typically contain strong acids which could strip off thin copper 
seed layers. Such conventional catalysts also contain tin which must bo stripped prior to 
electroless plating. If such tin is not completely removed, defects in the plated film may result. 

Organic dielectric materials used in these applications typically have a lower dielectric 
constant than conventional dielectric materials. However, such organic dielectrics cannot 
suitably be used because the processing temperatures for the physical vapor deposition of barrier 
layers is too high. 

Thus, there is a continuing need for methods of depositing substantially continuous seed 
layers that conform to surface geometries in electronic devices, particularly in devices having 
small geometries such as 0.5 micron and below. Also, there is a need for lower temperature 
processes for depositing barrier layers. There is a further need for non-electrolytic methods for 
enhancing discontinuous seed layers. 



Summary of the Inven ^on 

It has been surprisingly found that the present compositions are suitable for enhancing or 
repairing discontinuities In a seed layer, particularly a copper seed layer. Also, the present 
invention is Suitable for depositing thin copper seed layers without the use of tin. The present 
electroleaa plating catalysts are neutral to alkaline and thus are less harmful to thin copper seed 
layers than conventional acidic electroless catalysts. 

In one aspect, the present invention provides a composition suitable for depositing an 
electroless plating catalyst on a substrate having < 1 pm apertures including one or more metal 
salts, one or more copper complexing agents, one or more organic binders, one or more reducing 
agents and base. 

In a second aspect, the present invention provides a method for depositing an electroless 
plating catalyst on a substrate having < 1 urn apertures including the step of contacting the 
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substrate with a composition including one or more metal salts, one or more copper completing 
agents, one or more organic binders, one or more reducing agents and base. 

In a third aspect, the present invention provides a method for enhancing a discontinuous 
seed layer including the steps of: contacting a substrate including a discontinuous metal seed 
layer with a composition including one or more metal salts, one or more copper complexing 
agents, one or more organic binders, one or more reducing agents and base; activating the 
catalyst; and contacting the catalyst with an electroless plating solution. 

In a fourth aspect, the present invention provides a method for depositing a metal seed 
layer on a substrate including the steps of: contacting a substrate with a composition including 
one or more metal salts, one or more copper complexing agents, one or more organic binders, 
one or more reducing agents and base; activating the catalyst; and contacting the catalyst with an 
electroless plating solution. 

In a fifth aspect, the present invention provides a method for manufacturing an integrated 
circuit including the stops ofi contacting a substrate with a composition including one or more 
metal salts, one or more copper complexing agents, one or more organic binders, one or more 
reducing agents and base; activating the catalyst; and contacting the catalyst with an electroless 
plating solution. 



an 



In a sixth aspect, the present invention provides an electronic device including 
electroless plating catalyst wherein the catalyst is deposited from a composition including one or 
more metal salts, one or more copper complexing agents, one or more organic binders, one or 
more reducing agents and base. 



Detailed Description of the Invention , 

As used throughout this specification, the following abbreviations shall have the 
following meanings, unless tho context clearly Indicates otherwise: ° C = degrees Centigrade; 
um - micron - micrometer; g/L = grams per liter, M - molar; HPC - hydroxypropylceUulose; 
HMC » hydroxymcthylccllulose; TMAH » tetramethylammonium hydroxide; PVOH = 
polyvinyl alcohol); KOH = potassium hydroxide; HPA » hypophosphorus acid; SF - sodium 
formate; and SHP = sodium hypophosphile. 
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As used throughout the specification, "feature" refers to the geometries on a substrate, 
such as, but not limited to, trenches and vias. "Apertures" refer to recessed features, such as Was 
and trenches. The terra "small features" refers to features that ore one micron or smaller in size 
(< 1 urn). "Very small features" refers to features that arc one-half micron or smaller in size (< 
0.5 nm). Likewise, "small apertures- refer to apertures that are one micron or smaller in size and 
"very small apertures" refer to apertures that arc one-half micron or smaller in size. As used 
throughout this specification, the term "plating" refers to metal electroplating, unless the context 
clearly indicates otherwise, "Deposition" and "plating" are used interchangeably throughout (his 
specification "Halo" refers to fluoro, chloro. brorno, and iodo. Likewise, "haiide" refers to 
fluoride, chloride, bromide and iodide. "Alkyl" includes straight chain, branched and cyclic 
alkyl groups. 

All percentages and ratios are by weight unless otherwise indicated. All ranges are 
inclusive and combinablo. 

The present invention provides compositions suitable for depositing an electroless plating 
catalyst on a substrate having < 1 am apertures including one or more metal ions, one or more 
copper completing agents, one or more organic binders, one or more reducing agents and base. 
Any metal salt suitable for use as an electroless plating catalyst may be used in the present 
invention. Such metal salts include, but are not limited to: cobalt salts, copper salts, platinum 
salts, palladium salts, and the like. Copper and palladium salts are the preferred catalysts. Such 
salts are typically at least partially soluble in the solvent used, typically water. Thus any solvent 
soluble metal salt is suitable. Exemplary metal salts include metal hydroxides, metal halidcs, 
metal gluconates, metal acetates, metal sulfates, metal nitrates, metal sulfonates, metal 
alkyJsulfonates, metal arylsulfonatcs, metal fluoroborates and the like. The choice of such 
catalysts are within the ability of one skilled in the art 

The one or more metal salts are typically present in the compositions of the invention In 
an amount of from about 0.1 to about 15 g/L, preferably from 0.5 to 10 g/L and more preferably 
from I to 8 g/L. A particularly useful range is from 2 to 5 g/L. Such metal salts arc generally 
commercially available and may be used without further purification. 

A wide variety of water soluble copper complcxing agents may be advantageously used 
in the present invention. Preferably, such chelating agents are water soluble. By "water soluble" 
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it is meant that the chelating agent is soluble in water at about 1000 ppm or greater. It is further 
preferred that such chelating agents are organic acids or salts thereof, and more preferably 
organic carboxyHc acids or salts thereof. Suitable organic acids are any water soluble organic 
compound containing one or more carboxylate groups. Exemplary preferred organic acids 
include, but are not limited to: (C.-C.rfalkylcarboxyJic acids, (C 2 -C )2 )alkyldicarboxyJic acids, 
(C,-C, 2 )alkyItricarboxyHc acids, substituted (C,-C 12 )aIkylcarboxylfo acids, substituted (C 2 - 
C.jjalkyldicaiboxylic acids, substituted (C,<: u )alkyltricarboxylic acids, (C 2 - 
C I2 )alkenylcarboxylic acids, (C r Cii)aItenyldicarboxylic acids, (C 2 -C„)alkcnyltricarboxylic 
acids, substituted (C 2 -C 12 )alkenylcarboxyIic acids, substituted (C 2 -C»)allanyldicaiboxyHc acids, 
substituted (CrC u )alkcnykrica*oxyIic acids, amine carboxylic acids, arylacrboxylic acids, 
substituted aryJcarboxylio acids and the like and their salts. By "substituted alkyl," -substituted 
alkenyl" or "substituted aryl" it is meant that one or more hydrogens on the alkyl or alkenyl 
chain or aryl ring is replaced with another substitacnt group such as halo, hydroxyl, (C,- 
C*)alkoxy. cyano, (Ci-^alkylthio, phenyl, phenoxy and tire tike. Amino carboxyHc acids 
include amine tctracarboxylic acids such as ethylcncdiamine tetracarboxylic acid ("EErTA"), and 
amine pemacarboxylic acids. Particularly useful organic acids include: fonnic acid, acetic acid, 
propionic acid, oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, gJucolic acid, 
lactic acid, tartaric acid, citric acid, malic acid, EDTA, phthalic acid, benzenetricarboxytic acid] 
salicilio acid and their salts, 

The amount of organic acid in the present compositions is typically in the range of from 
about 0. 1 to about 25 g/L, preferably from 0,5 to 20 g/L and more preferably from 2 to 15 g^L. 
The specific amount of organic will depend upon the particular metal salt and the particular 
organic acid chosen. The organic acids are commercially available from a variety of sources and 
may be used without further purification, 

A wide variety of organic binders arc suitable in the present compositions. Such binders 
are typically water-soluble or watcr-dispersiWe, and preferably water-soluble. The binders may 
be small molecules or polymeric. Suitable binders include cellulose, hydroxycellulose, 
hydroxyalkylcellulosc such as hydroxymethylcelluiose, hydroxyethylcellulose and 
hydroxypropylcellulosc, polysaccharide polymers, cellulose polymers, derivatized cellulose 
polymers, polymers and copolymers of ethylene oxide and propylene oxide, polyurcthanc 
polymers having alternating hydrophobic aad hydrophilic moieties, poly(malcic 
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anhydrideAnethyl vinyl ether), polymethacrylic acid, polyfvinyl alcohol) and naphthalene 
formaldehyde condensates. Preferred organic binders are cellulose, hydroxycellulosc, 
hydroxyraethyicelhilose, hydroxyethylcellulosc and hydroxypropytcclhUoso. 

Such binders may be used in a wide range of amounts and typically in the range of from 
about 1 to about 30 g/L. Preferably, the organic binders are used in an amount of form 5 to 25 
g/L and more preferably 10 to 20 g/L. These binders are generally commercially available and 
may bo used without further purification. 

A wide variety of reducing agents may bo used in the present compositions. Suitable 
reducing agents include, but arc not limited to, hypophospborus acid, sodium hypophosphite. 
potassium hypopbosphito, sodium borohydride, formaldehyde, dimelhyl amine borane, 
trimcthylamine borane, methylmoipholino borane, morpholino borane, diisopropylamine borane. 
L-sodium ascorbate, sodium phosphite, potassium phosphite, tartaric acid, glucose, glycerine, 
sodium N.N-diethylglycine, sodium fonnatc, potassium formate, titanium trichloride, hydrazine, 
thiourea, methylthiourca, N-methylthfourea. N-ethylthiourca, hydroquinone, bivalent cobalt 
compounds, and the like. Preferred reducing agents include hypophospborus acid, sodium 
hypophosphite and sodium fonnatc. 

Tho reducing agents are typically present in the compositions of the invention in an 
amount of from about 5 to about 60 g/L and preferably from 10 to 50 g/L. Such reducing agents 
ate generally commercially available and may be used without further purification. 

Any suitable organic or inorganic base may be used in the present compositions. Suitable 
bases include, but arc not limited to: alkali and alkaline earth hydroxides such as lithium 
hydroxide, sodium hydroxide, potassium hydroxide; ammonium hydroxide; alkylammonium 
hydroxides such as tetraCC-Q^lkylammonium hydroxides such as letramethylammonium 
hydroxide; amines, carbonates and the like. Such bases are present in the compositions in an 
amount sufficient to provide a pH of the compositions of about 7 or greater, preferably from 
about 7.5 to about 13.5, more preferably from 8 to 13, still more preferably from 8.5 to 12. and 
even more preferably from 10 to 12. The particular pH employed depends in part upon the 
choice of metal salt. For example, when a copper salt is used in tho present compositions, a 
particularly suitable pH range is from about 7.5 to about 8.0. 
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The present compositions may be prepared by combining the one or more metal salts, one 
or more organic acids, one or more organic binders, one or more reducing agents and one or 
mora bases in any order. In one embodiment, a complying agent is first dissolved in water, 
followed by a metal salt, organic binder, base, reducing agent and water to final volume. 
Preferably the organic binder is added to the mixture slowly to avoid clumping. Typically, the 
present compositions are prepared in water, but may be prepared in one or more organic solvents 
or in a mixture of water with one or more organic solvents. Such organic solvent* may include, 
but are not limited to, polyhydroxy compounds such as alkancdiols and alkanelriols, glycol 
ethers, glycol ether acetates, and the like. Alkanediols include (C,-C«)alkanediols such as 
glycols such as ethylene glycol, propylene glycol and the like. Exemplary glycol ether* include 
ethylene glycol monomcthyl ether, ethylene glycol monobulyl ether, diethyls glycol 
monomethyl ether. Methylene glycol monobutyl ether, Methylene glycol monomethyl etber, 
Methylene glycol monobutyl ether, diethylcnc glycol dimethyl ether, diethyl**, glycol dibutyl 
ether, propylene glycol monomethyl ether, propylene glycol monobutyl ether, diprepylene glycol 
monomethyl ether, dipropylcnc glycol monobutyl ether, tripropylene glycol monomethyl ether, 
tripropylenc glycol monobutyl ether, propylene glycol dimethyl ether, propylene glycol dibutyl 
ether, dipropylenc glycol dimethyl ether, diprepylene glycol dibutyl ether and the like. Other 
suitable solvents include propylene glycol monomether ether acetate. Water and mixtures of 
water and organic solvents are preferred, and water is more preferred. 

The catalyst compositions of the present invention may be applied to a substrate by a 
wide variety of means auch as dipping, spraying, flood coating, screen printing, roller coating, 
spin-coating and the like. Suitable substrates include any used in the manufacture of electronic 
devices, such as, but not limited to, wafers used in the manufacture of integrated circuits, printed 
wiring board inner layers and outer layers, flexible circuits, multichlp modules, connector, lead 
frames and the like. It is preferred that the substrate is a wafer. It is further preferred thattho 
present compositions are applied to substrates having small apertures (< 1 pm). more preferably 
very small apertures (< 0.5 jim) and even more preferably <0.18jun apertures. Thus, the present 
invention provides a method for depositing an electro-less plating catalyst on a substrate having < 
1 Mm apertures including the step of contacting the substrate with a composition including one o"r 
more metal salts, one or more organic acids, one or more organic binders, one or more reducing 
agents and base. 
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The amount of such electrons plating catalyst deposited on the substrate is determined 
by the thickness of the applied composition coating or film. Thus, the amount of catalyst 
deposited may be controlled by controlling the amount of the composition applied to tho 
substrate. Such compositions applied to the substrate form substantially continuous films, i.e. 
the film of the complex covers > 95% of tho surface area of the substrate, preferably > 98%, and 
more preferably > 99%. 

Once the present compositions are applied to or coated onto a substrato, they are typically 
dried to provide a uniform inactive catalytic film. Such drying may be by a variety of means. 
Preferably, such drying is performed by heating. Typically such heating is performed at a 
temperature lower than that need to activate the catalyst For example, (he coated substrate may 
be dried in air at a temperature of up to about 100° C, and preferably up to about 90" C. Typical 
drying times wiU vary with the solvent used in the catalyst composition and the thickness of the 
catalyst layer applied. Such times will be within the ability of one skilled in the art, but suitable 
may be up to 60 minutes, preferably up to 45 minutes, and more preferably up to 30 minutes. 

After drying, the Inactive catalytic film is activated prior to electrons metal deposition. 
Thus, the present method further includes an activation step. Ttc inactive catalytic fllm may be 
activated by a variety of means such as healing such as at elevated temperatures, exposure to 
carbon dioxide or eximer lasers, exposure to ultraviolet radiation and the like. Preferably, 
catalyst is activated by heating at elevated temperatures such as by placing the catalyst coated 
substrate in an oven. Such heating is typically at a temperature of about > 100° C, preferably > 
1 10° C f more preferably > 120° C, still more i>re£crably > 130° C, and even more preferably > 
140° C or greater such as >200° C. Such heating to activate the catalyst is typically up to 1 80 
minutes, preferably up to 120 minutes, more preferably up to 60 minutes, and even more 
preferably up to 1 5 minutes. It will be appreciated by those skilled in the art that selective 
activation of the catalyst is possible using a laser or using U V radiation through a mask. 

Once the present catalysts arc activated, they may be cloctrolcssly plated by a wide 
variety of metals. Suitable metals that can be clecfrolessly deposited include, but are not limited 
to, copper, nickel, gold, silver, cobalt, palladium, platinum, iron and the like. Such clectroless 
plating solutions typically contain one or more metal ions, one or more reducing agents and 
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optionally a cornplexing agent Typically, eleclrolcss plating solutions are aqueous, but may also 
contain one or more organic solvents, 

The present Invention is particularly suitable for enhancing a discontinuous metal seed 
layer on a substrate. By "enhancing" a discontinuous metal seed layer is meant that the seed 
layer is repaired or extended to substantially fill In, and preferably fill in, such discontinuities or 
areas devoid or seed layer. Thus, the present invention provides a method for enhancing a 
discontinuous seed layer including the steps of: contacting a substrate including a discontinuous 
metal seed layer with a composition including one or more metal salts, one or more organic 
acids, one or more organic binders, one or more reducing agents and base; activating the catalyst; 
and contacting the catalyst with an eloctroless plating solution. 

In an alternative embodiment, the present invention is particularly suitable for depositing 
a seed layer on a substrate. Such seed layer is deposited clcctrolessly, which has the advantage 
of being conformaL Thus, uniform conformal seed layers are obtained which overcome the 
problems of conventional seed layers. Conventional electrolcss catalysts include palladium 
which Increases the resistivity of a subsequently deposited copper layer. The present invention 
allows for the use of copper in place of palladium as the catalyst Such catalysts including a 
copper salt arc particularly advantageous in seed layer deposition because the resistivity of the 
subsequently deposited copper layer is not increased. 

Thus, the present invention provides a method for depositing a metal seed layer on a 
substrate including the steps ofi contacting a substrate with a composition including one or more 
metal salts, one or more organic acids, one or more organic binders, one or more reducing agents 
and base; activating the catalyst; and contacting the catalyst with an electroiess plating solution. 
When the present invention is used to deposit a seed layer on an integrated circuit device, the 
catalyst composition is preferably applied to a barrier layer. Suitable barrier layers are any 
which reduce or prevent the elcctromigratlon of copper. Suitable barrier layers include, but are 
not limited to, tantalum, tantalum nitride, tantalum nitride silicide, titanium, titanium nitride, 
tungsten, tungsten nitride and tungsten nitride slUcide. More than one barrier layer may be used, 
such as titanium followed by titanium nitride and optionally followed by titanium nitride silicide. 

The present invention also provides a method for manufacturing an integrated circuit 
including the steps of: contacting a substrate with a composition including one or more metal 
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salts, one or more organic acids, one or more organic binders, one or more reducing agents and 
base; activating the catalyst, and contacting the catalyst with an electroless plating solution. 
Accordingly, the present invention further provides an electronic device including an electroless 
plating catalyst wherein the catalyst is deposited from a composition including one or more metal 
salts, one or more organic acids, one or more organic binders, one or more reducing agents and 
base. 

Once tho present catalysts are activated, they may be electrolessly plated by a wide 
variety of metals. Suitable metals that can be electrolessly deposited include, but are not limited 
to. copper, nickel, gold, silver, cobalt, palladium, platinum, iron and the like. Preferably the 
electroless plating bath Is an electroless copper plating bath. Such electroless plating solutions 
typically contain one or more metal ions, one or more reducing agents and optionally a 
complexing agent. Typically, electroless plating solutions are aqueous, but may also contain one 
Or more organic solvents. 

The metals ions may be present in the electroless plating baths in any soluble form, such 
as nitrates, sulfates, sulfonates, alkylsulfonates, arylsulfonatcs, halides, fluoroborales. gluconates, 
aoctatcs and the like. The amount of such metal ions depends upon the metal to be deposited and 

amounts are within the ability of one skilled in the ait 

A wide variety of reducing agents may be used in such electroless baths. Suitable 
reducing agents include, but are not limited to, sodium hypophosphite, potassium hypophosphite, 
sodium borohydride, formaldehyde, dimethylamine borane. trimemylamme borane, 
methylmorpholino borane, morpholino borane, diisopropylamine borane, L-sodium ascorbate, 
sodium phosphite, potassium phosphite, tartaric acid, glucose, glycerine, sodium N,N- 
diemylgtycme, sodium formate, potassium formate, titanium trichloride, hydrazine, thiourea, 
methylthiourea, N-mcthylthiourca, N-ethyl thiourea, hydroqumone, bivalent cobalt compounds, 
and the Jfke. For electroless copper baths, formaldehyde, dimcthylarninc borane and sodium 
borohydride arc preferred. The amount of such reducing agent in the electroless bath is well 
known to those skilled in the art 



Optionally, the electroless baths may contain one or more complexing agents, such as 
emylenemamine, EDTA, tctiHrncmylenediamine, citrate saJts, tartrate salts and the like. 
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The substrate containing the activated catalyst is typically contacted with an electrolcss 
plating bath at a temperature and for a time sufficient to deposit the desired metal layer. Such 
times and temperatures vary according to the metal to be deposited and the particular electrons 
plating bath used. Typically, such electroless plating may be performed at a temperature from 
below room temperature to about 95" C, and preferably from 25' to 80' C. Suitable plating times 
are typically at least about 0.25 minutes, preferably at least about 0.5 minute, and more 
preferably at least about 5 minutes. Other suitable plating times include at least about 20 
minutes. There is no real upper limit to the plating time used. The longer such electrolcss 
plating is done, the thicker the resulting metal deposit It will be appreciated by those skilled in 
the art that the plating rate may slow as the thickness of the deposit increases. 

When the present invention is used to enhance or repair a seed layer having 
discontinuities, the substrate is contacted with the electro! ess plating bath for a period of time 
sufficient to substantially fill in, and preferably completely fill in such discontinuities. When the 
present Invention is used to deposit a seed layer, such seed layers may be of varying thicknesses. 
The present invention allows for deposition of ultra-thin, conforms! seed layers without the need 
for vapor deposition. 

It will bo appreciated that the substrates may be plated until any apertures present in the 
substrates are substantially filled or completely filled by the electrolcss metal deposit. This has 
the advantage that only one plating bath needs to be employed in the plating of such substrates. 
As electroless deposition tends to be confonnal, it is preferred that the electroless metal deposit 
docs not completely fill the apertures. Thus. It is preferred that the electrolcss deposit partially 
fills the apertures and then the substrate is removed from the electrolcss bath and plated 
clcctrolytically, preferably with the same metal. In this way. void-free bottom-up fill is provided 
in small apertures, and particularly in apertures < 0,18 pro. 

Accordingly, the present invention also provides an article of manufacture including an 
electronic device substrate containing one or more apertures, each aperture containing an 
electroless metal deposit obtained from the method of the present invention. 

Once a semiconductor wafer la plated to fill the apertures according to the present 
invention, the wafer is preferably Subjected to chemical-mechanical planarization ("CMP"). A 
CMP procedure can be conducted in accordance with the invention as follows. 
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The wafer is mounted in a wafer carrier which urges the wafer against the surface of a 
moving polishing pad. The polishing pad can be a conventional smooth polishing pad or a 
grooved polishing pad Such grooved pads arc well known in the art, such as those available 
from Rode!, Inc., Newark, Delaware. The polishing pad can be located on a conventional platen 
which can rotate the polishing pad The polishing pad can be held on the platen by a holding 
means such as, but not limited to, an adhesive, such as, two faced tape having adhesive on both 
sides. 

A polishing solution or slurry is fed onto the polishing pad. Tho wafer carrier can be at a 
difFerent positions on the polishing pad. The wafer can be held in position by any suitablo 
holding means such as, but is not limited to, a wafer holder, vacuum or liquid tensioning such as, 
but not limited to a fluid such as, but not limited to water. If the holding means is by vacuum 
then there is preferably a hollow shall which is connected to the wafer carrier. Additionally, the 
hollow shaft could be used to regulate gas pressure, such as, but not limited to air or an inert gas 
or use a vacuum to initially hold the wafer. Tho gas or vacuum would flow from the hollow 
shaft to the carrier. The gas can urge the wafer against the polishing pad for the desired contour. 
The vacuum can initially hold the wafer into position in the wafer carrier. Once the wafer is 
located on top of the polishing pad the vacuum can be disengaged and the gas pressure can be 
engaged to thrust the wafer against the polishing pad. The excess or unwanted copper is then 
removed. The platen and wafer carrier can be independently rota tabic. Therefore, it is possible 
to rotate the wafer in the same direction as tho polishing pad at the same or different speed or 
rotate the wafer in the opposite direction as the polishing pad. 

Thus, the present invention provides a method for removing excess material from a 
semiconductor wafer by using a chemical mechanical planarization process which includes 
contacting the semiconductor wafer wilh a rotating polishing pad thereby removing the excess 
material from the semiconductor wafer; wherein the semiconductor wafer contains a seed layer 
which has been prior deposited or enhanced according the method described above. 

The following examples are presented to illustrate further various aspects of the present 
invention, but are not intended to limit the scope of the invention in any aspect 
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Example 

The following catalyst samples are prepared by combining the ingredients and amounts 
listed in the Table with water. 



Table 



Sample 


Metal Salt 


Organic Acid 


Organic Binder 


Base 


Reducing Acent 


1 


CuClj (3 g/L) 


Tar&no acid (2 g/L) 


HPC(Ug/L) 


13MKOH(4g/L) 


HPA (25 g/L) 


2 


CuCl, (4 g/L) 


Tartaric acid (5 g/L) 


HPC(llg/L) 


13MKOH(6gfc) 


HPA (25 g/L) 


3 


CuCI, (4 g/L) 


Tartaric acid (7 g/L) 


HPC(tl g/L) 


13MKOH(IOg/L) 


SIIP(40g/L) 


4 


CvjCIj (5 g/L) 


Tartaric acid (1 1 g/L) 


HPC<11 g/L) 


13MKOH(23g/L) 


SF(10g/L) 


5 


Cuda (4.5 g/L) 


Tartarto acid (11 g/L) 


HPC(llg/L) 


13MKOH(28g/L) 


SF (50 g/L) 


6 


PdCl a (2 g/L) 


Tartaric acid (II g/L) 


HPC(10g/L) 


13 M KOK (28 g/L) 


HPA (25 g/L) 


7 


PdCla (3 g/L) 


Tartaric acid (1 ! g/L) 


HMC(15g/L) 


TMAH (20 g/L) 


HPA (25 g/L) 


8 


PdO, (5 g/L) 


Tartaric add (15 g/L) 


HPC (12 g/L) 


13MKOH (20 g/L) 


SHP (40 g/L) 


9 


PdCfe (2 g/L) 


Citric add (10 g/L) 


HMC(Ug/L) 


13MKOH(30g/L) 


SF (10 g/L) 


10 


CuCI, (4.5 g/L) 


CJtrte add (7 g/L) 


HMC (8 g/L) 


TMAII (15 g/L) 


SF (20 g/L) 


11 


CuCl 2 (5 g/L) 


Citric acid (8 g/L) 


PVOH(13g/L) 


TMAH(18g/L) 


SHP (35 g/L) 



Exampfc % 

A copper seed layer which is discontinuous is applied by P VD to a barrier layer coated 
silicon wafer having < 0.5 urn apertures. Sample 1 is spin coated on the wafer and is then dried 
at 90° C in air for 30 minutes. The catalyst is next activated by placing the wafer in an oven at 
140° C for 15 minutes. The wafer is then contacted with an electroless copper bath to provide a 
substantially continuous copper seed layer, The wafer is then electroplated with an acid copper 
bath to provide apertures substantially filled with copper. 

Example 3 

Example 2 is repeated except that the wafer docs not contain any seed layer. 
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Example 4 

Example 3 is repeated except that Sample 8 is used. 
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1 Abstract 



Disclosed are catalyst compositions suitable for depositing elcctroiess metal seed layers 
and for enhancing discontinuous seed layers. Also disclosed are methods of depositing 
cleciroless seed layers and enhancing discontinuous seed layers. 



2 Representative Drawing 
Nothing 
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